Objective: To evaluate the epidemiological correlation between age-related macular degeneration and pseudoexfoliation syndrome in the inhabitants of the island of Crete (Greece).
Conclusions:
The observed prevalences of pseudoexfoliation and maculopathy were lower than those reported in the mainland of Greece and other Mediterranean regions. The correlation between age-related macular degeneration and pseudoexfoliation syndrome may be explained by the relationship of each disease with age and altitude.
Arch Ophthalmol. 1999; 117:664-669 A GE-RELATED macular degeneration (ARMD) is one of the leading causes of visual loss among people older than 65 years, 1 with a prevalence ranging from 2% to 53% in this age group. 2 The population affected is expected to grow dramatically during the next century, making ARMD a public health problem. 3 Risk factors related to ARMD, apart from age, include heredity, 4 ,5 solar radiation, 6 and deficiency of trace metals such as selenium, zinc, and copper, 7 while consumption of food rich in vitamins A and C is inversely related. 8 Pseudoexfoliation syndrome (PEX) is a condition characterized by the deposition of gray-white flakes of material on the pupillary borders and on other anterior chamber structures. 9 Risk factors reported to predispose to PEX include heredity, 10 sunlight, 11, 12 and zinc and copper deficiency. 13 The fact that PEX and ARMD share common predisposing factors implies that there are similarities in the pathogenesis and epidemiological features of the 2 conditions. We evaluated the epidemiological relationship between PEX and ARMD in the population of Crete, an island lying in the Mediterranean Sea at the southernmost part of Greece, with a population of about 540 000.
RESULTS
The prevalence of PEX was found to be 16.1% (21.3% in men and 12.6% in women) ( Table 2) . The difference between sexes was statistically significant ( 2 = 9.64, P = .001; Mantel-Haenszel test = 9.63, P = .001). The prevalence of PEX was directly correlated with age ( 2 = 86.17, PϽ.001; Mantel-Haenszel test = 76.18, PϽ.001) in both sexes. The PEX was bilateral in 72.8% and unilateral in 27.2%. With progressing of age, the percentage of unilateral PEX decreased and that of bilateral PEX increased to a statistically significant degree ( 2 = 92.5, PϽ.001; MantelHaenszel test = 79.99, PϽ.001). The average age of patients with PEX was 75.4 ± 0.7 years (range, 58-91 years) (75.9 ± 1.0 years in men and 74.7 ± 0.9 years in women).
The prevalence of ARMD was 7.9% (11.7% in men and 5.2% in women) ( Table 2 .
The prevalence of ARMD in the age groups 50 to 59, 60 to 69, 70 to 79, and 80 or more years was 2.4%, 4.4%, 9.1%, and 24.7%, respectively. In detail ( 
SUBJECTS AND METHODS
This in situ study was carried out in the island of Crete between February 1993 and January 1996. The target population was all residents of rural areas aged 40 years or older. A random sample of 1100 was determined by power calculation 14 based on prevalences reported previously in other studies. 2 This sample size would correspond to a sampling fraction for each village of approximately 5%.
The sample was drawn as follows: At first, 13 villages in all 4 prefectures of Crete were randomly selected to represent the geographic and population distribution of rural areas of Crete. In each selected village, a list of a randomized sample was prepared under our instructions by the local birth register office. This was a stratified random sample based on sex and 10-year age groups. The participants to be examined were selected by means of tables of random numbers. 15 This ensured a representative sample of people born and living in these locations, with the same sex and age distribution as the 1991 general census target population. Recruitment was accomplished by sending personal invitations to the selected participants explaining briefly the purposes of the study and announcing the day and time the Mobile Ophthalmological Unit would be in their village.
The final accomplished sample of 777 persons represents a 70.6% response rate, varying between 60% and 80% in different villages. These 777 persons (315 men and 462 women) represent 1.4% of the total population of Crete ( Table 1) . The age (mean ± SE) was 68.4 ± 0.3 years (range, 43-99 years); it was 70.5 ± 0.531 (range, 43-95 years) in men and 66.9 ± 0.44 (range, 43-99 years) in women. The age by sex specific distribution of the final sample showed that the group with the smallest attendance rate was men aged 40 to 49 years. A slight discrepancy between the male-female ratio of the final sample and that of the target population was observed. This was probably caused by the nonresponse. No further information from the nonrespondents was available.
Our group with the Mobile Ophthalmological Unit visited each village on a predetermined date. The examination was carried out in the local Primary Health Care Centers. The working conditions were satisfactory, as the Mobile Ophthalmological Unit was fully equipped and facilities were provided in the Primary Health Care Centers of the villages, such as a dark examination room and a waiting room. All patients were examined before and after the pupils were dilated with 0.5% tropicamide and 5% phenylephrine hydrochloride. The examination included measurement of visual acuity, slitlamp examination with ϫ10 and ϫ16 magnification, and fundus examination with 3-mirror lens (Goldmann [OG3HA; Ocular Instruments Inc, Bellevue, Wash] and/or Volk 78D and 90D lenses [Volk Optical Inc, Mentor, Ohio]). All details of the posterior and of the anterior segment (chamber angle, iris color, pupil dilation, lens opacities, etc) were recorded strictly according to protocol. All 777 participants were examined by 1 of us (V.P.K.), and the ocular fundus was examined by 3 of us (V.P.K., E.T.D., and M.K.T.).
Patients with suspected ARMD had their maculas photographed with a fundus camera (Kowa Pro I [Kowa Company Ltd, Tokyo, Japan], Kodak Ektachrome 64 ASA [Eastman Kodak Co, Rochester, NY], magnification ϫ2.5). Two 35°photographs, centered on the macula of each eye, were performed. Photographs (returned as slides) were examined in detail in our department by the same 3 of us who decided to perform the photography, by means of a portable viewer with ϫ5 magnification. The total magnification was ϫ12.5. The presence of ARMD was strongly related to PEX in both eyes ( 2 = 13.675, P = .003; Mantel-Haenszel test = 13.66, P = .002). Furthermore, for the left eye, 2 = 9.2 (P = .002) and Mantel-Haenszel test equaled 9.19 (P = .002), and for the right eye, 2 = 9.59 (P = .001) and Mantel-Haenszel test equaled 9.58 (P = .001). The prevalence of ARMD among patients with and without PEX is shown in Table 4 . The correlation between ARMD and PEX by eye is shown in Table 5 .
The prevalence of PEX was significantly higher among people living in places with greater altitude 
*Data are given as number (percentage). ARMD indicates age-related macular degeneration. †Total numbers of men and women in each age group are listed in Table 1 .
Thirty-nine participants (5.0%) (25 men [7.9%] and 14 women [3.0%] refused to undergo fundus photography. In 11 persons (1.4%), the photographs of only 1 eye could be graded. The remaining 727 participants (285 men and 442 women) had both ocular fundi evaluated with gradable photographs. Two of the 25 men without gradable fundus photographs, both aged 70 to 79 years, were only clinically characterized as having the early variant of maculopathy. None of the 14 women without gradable fundus photographs were clinically characterized as having any variant of maculopathy.
The ARMD grading was performed jointly after the slides were evaluated by the above-mentioned 3 of us. The percentage of exact agreement ranged from 91% to 98%. Nevertheless, a final consensus regarding the grading was taken after a detailed discussion in all cases.
CLASSIFICATION OF ARMD
In the present study, ARMD was classified on the basis of the Wisconsin Age-Related Maculopathy Grading System 16 and on the Rotterdam Maculopathy Study. 17 Agerelated macular degeneration was diagnosed on the basis of morphologic changes observed, without indication that they were secondary to other disorders.
The ARMD grading was performed by checking an area of 3000 µm from the foveola. Areas of decreased and increased pigmentation and drusen were graded in relation to their diameter. Drusen with a diameter less than 63 µm were characterized as small. Drusen with a diameter equal to or greater than 63 µm were characterized as large.
The ARMD was classified into early disease and late disease (the latter divided into dry and exudative variants). The early variant was characterized as having no signs of geographic atrophy or neovascularization and also showing either (1) soft indistinct or reticular drusen or (2) any drusen type except hard indistinct plus decreased or increased areas of pigmentation in the macular area. The dry variant was characterized as showing a well-demarcated atrophic area of retinal pigment epithelium without signs of neovascularization. The wet form of ARMD was manifested by serous or hemorrhagic retinal pigment epithelial detachment, a subretinal neovascular membrane, a subretinal hemorrhage, and/or a periretinal fibrous scar. Patients likely to have the exudative form of ARMD subsequently underwent a fluorescein angiography to confirm the diagnosis.
Pseudoexfoliation syndrome was also investigated in detail. Patients were considered to have PEX only when pseudoexfoliative deposits were present on the anterior lens surface and/or on the typical central disk or peripheral zone after the pupil was dilated. Participants were also questioned about their personal and family medical and ophthalmic history.
STATISTICAL ANALYSIS
The prevalences of ARMD and PEX in strata classified by age, sex, and geographic location were analyzed by the 2 test (linear components of association were tested by the Mantel-Haenszel test). The association of ARMD (as dependent variable) with PEX, age, sex, and altitude (as independent variables) was studied by logistic regression. The calculations were carried out by the statistical software package SPSS for Windows (Release 6.0; SPSS Inc, Chicago, Ill). All analyses were also applied with the use of weights (inversely proportional to population sizes). The results of the 2 approaches were almost identical.
( 2 = 9.85, P = .001; Mantel-Haenszel test = 9.82, P = .001). The prevalence was the highest (27% of patients examined) in a specific area of the island (Rethý mnē), where the average altitude is higher (470 m compared with 110 m in the prefecture of Hērákleion and 70 m in Canea and Lasithion). The same was true for patients with ARMD, the difference between low and high altitudes being significant ( 2 = 12.6, P = .001; Mantel-Haenszel test = 7.53, P = .001). On the other hand, the coexistence of PEX and ARMD increased with progressing age and was stable in the provinces with low altitude and in those with high altitude (Table 6 ). Yet the prevalence of ARMD was not higher in Rethý mnē than in the other provinces. On the contrary, there appeared to be a reduction of ARMD prevalence in the western provinces (3.6%) compared with the eastern provinces (12.7%), the difference being statistically significant ( 2 = 24.18, PϽ.001; Mantel-Haenszel test = 24.15, PϽ.001 (Table 7; Figure) . The prevalence of PEX was 18.3% in the western provinces and 13.5 in the eastern provinces.
Logistic regression was performed with PEX, age, sex, and altitude as dependent variables and ARMD as independent variable. The P value of PEX after adjusting for age, sex, and altitude was not significant ( Table 8 ). This would imply that the association between ARMD and PEX could be explained by age and altitude (Table 8) .
COMMENT
The pathway for most photochemical reactions is free radical production mediated by blue and UV light, through excitation of electrons to a "triplet state" that prolongs their lifetime sufficiently to interact with other molecules. Antioxidant defense mechanisms, including vitamins C and E and beta carotene, various enzymes, and cofactors such as zinc and copper offer protection by reacting with free radicals to quench their reactivity. 6, 18, 19 For both PEX and ARMD, previous studies have reported a deficiency of zinc and copper. 7, 12 In addition, for both PEX 11, 12 and ARMD 6 a correlation with solar radiation has been implied. Brown iris color has been identified as a protective factor against ARMD, 6 while blue irises appear to be a risk factor for PEX. 20 The slightly lower prevalence of ARMD in this study compared with that of Colorado and Wisconsin 16 could be attributed, apart from the randomized sample, to the fact that the Cretan population has predominantly high ocular melanin concentration and consequently brown irises. Concerning the late ARMD, our results (1.9%) are close to those of the Rotterdam study (1.7%). 17 Although our aim is not to present only an epidemiological study of ARMD, our results are compared with with those of Colorado and Wisconsin 16 in Table 9 . The higher prevalence of ARMD and PEX in individuals living in locations with high altitude is in accordance with the reported relationship of these conditions with UV radiation and could be attributed to the environmental influences because of a common background. Nevertheless, the coexistence of the conditions is almost the same in low and high altitude.
The fact that ARMD was not more prevalent in the prefecture of Rethý mnē (with the higher average altitude, where PEX was significantly more prevalent) could possibly be attributed to genetic factors. In support of this concept is the almost linear decrease in ARMD prevalence toward the western provinces of the island.
Pseudoexfoliative material is thought to result from abnormal basement membrane production by degenerated epithelial cells. 21 An immunological relationship of PEX material with elastic tissue was also shown, suggesting that an abnormal stimulus or defective regulation of matrix synthesis exists in the disease. 22, 23 In the case of ARMD, there is accumulation of abnormal extracellular matrix at the interface of the retinal pigment epithelium and the Bruch membrane, 24 as well as accumulation of molecules such as proteoglycans within the Bruch basement membrane. 25 Furthermore, animal studies have shown discontinuation of the elastic layer of the Bruch membrane in the aged macula. 26 It appears, therefore, that both pathological entities are related, in some degree, with abnormalities of the basic membranes.
Concerning inheritance, several authors have described the familial occurrence of PEX, 10, 27 which is further supported by the correlation with specific HLA antigens. 28 In the case of ARMD, the association with maternal or sibling history of macular disease was shown by several studies. 5, 29 Both conditions are reported to affect primarily elderly individuals. 2, 30 This is in accordance with the findings of the present study, in which a significant direct correlation of both PEX and ARMD with age was found. Furthermore, the association between ARMD and PEX prevalences depends strongly on age; the coexistence of both pathological conditions increases significantly.
There are conflicting results concerning PEX prevalence in men and women. The significantly higher prevalence in men may be the result of the fact that climatic conditions provoke a more intense effect in the male population, as men spent more time outdoors. Age-related macular degeneration was also slightly more prevalent among men. Nevertheless, the association between ARMD and PEX after adjusting for age and altitude does not depend on sex.
The observed prevalence of PEX was lower than those in studies referring to the mainland of Greece: a prevalence of 25% was recorded by Trantas, 31 and Tragakis et al 32 found a prevalence of 22.3% to 23.4%. Stefaniotou et al 33 found a prevalence of 20.2% in Epirus (the northwest region of Greece). These studies, however, were not based on a randomized sample. [31] [32] [33] The observed prevalence of ARMD was also lower than those reported for other Mediterranean populations, as in the Casteldaccia study, where a prevalence of 22.3% was recorded. 2 Apart from the randomized nature of the sample and possible genetic factors, this could be attributed to dietary habits as well as to increased ocular pigmentation in the Cretan population examined. In the present study, a correlation between these 2 pathological entities was found. We believe that this association is not caused by chance, because our sample is statistically sufficient and representative of the population and the study was well designed from the beginning in all details. The value of this study is enhanced by the fact that the population of the island is epidemiologically isolated. On the other hand, the number of participants is not as large as in other previous studies, ie, in Wisconsin and Colorado or the Rotterdam Study. Another variable that should be considered is the use of nonstereoscopic photographs, which could have led to an underestimation of the ARMD prevalence and interfered with the association of PEX and ARMD.
Pseudoexfoliation syndrome and ARMD affect vision in different ways. Age-related macular degeneration affects primarily central vision, while PEX predominantly influences the intraocular pressure. However, the epidemiological correlation between the 2 pathological entities shown in this study, as well as the previously reported similarity in predisposing factors and in the pathological and biochemical findings implicated, could mean that there is a common genetic defect predisposing to both conditions, possibly a disturbance in basic membrane and elastic tissue turnover. Nevertheless, there are differences emphasizing the diversity and complexity of the pathogenesis of ARMD and PEX.
